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Abstract 
Rheumatoid Arthritis (RA) is an autoimmune disease that targets the synovial joints of the body that holds a massive 

burden on healthcare worldwide. The progression of the disease is mediated in congruence of the adaptive immune 

cells (T- and B- cells) and synovial fibroblast activation.  In the last decade, standard treatment options for RA have 

demonstrated significant improvements but often fail to deliver a long-term therapeutic outcome and, in some cases, 

cause adverse effects leading to treatment termination. Treatment with mesenchymal stem cells (MSCs) has been 

recently studied in RA because of the unique immunomodulatory and anti-inflammatory capacities of the MSCs 

needed to combat RA. Pre-clinical and clinical trials have demonstrated that MSCs derived from adipose tissue, bone 

marrow, and umbilical cord tissue possess immunomodulatory capabilities that alter the dysfunctional immune cells 

involved with the pathogenesis of autoimmune diseases including RA. Specifically, these trials have demonstrated the 

immunomodulation ability of MSCs on the proliferation of memory T cells as well as their ability to migrate to 

inflamed tissue associated with synovitis in RA. 
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Abbreviations 
Rheumatoid arthritis (RA), Osteoarthritis (OA), Mesenchymal stem cell (MSC), human embryonic stem 

cells (hESC), inner cell mast (ICM), adult stem cell (ADC), adipose-derived mesenchymal stem cell (AD-

MSC), umbilical cord derived mesenchymal stem cell (UC-MSC), bone marrow derived mesenchymal 

stem cell (BM-MSC), Wharton’s Jelly (WJ), major histocompatibility complex (MHC), human leukocyte 

antigen (HLA), rheumatoid factor (RF), anti-citrullinated peptide antibodies (ACPA), antigen-presenting 

cell (APC), immunoglobulin (Ig), disease-modifying anti-rheumatic medications (DMARD), insulin-like 

growth factor (IGF), transforming growth factor (TGF), bone morphogenetic proteins (BMP), stromal 

vascular fraction (SVF), interleukin 17 (IL-17), T helper 17 cell (Th17), tumor necrosis factor (TNF), nitric 

oxide (NO), collagen-induced arthritis (CIA), nonsteroidal anti-inflammatory drugs (NSAID), Matrix 

metalloproteinases (MMP), natural killer cell (Nk), toll-like receptor (TLR), Cartilage oligomeric matrix 

protein (COMP), Dulbecco/Vogt Modified Eagle’s Minimal Essential Medium (DMEM medium),complete 

Freund’s adjuvant (CFA) 

 

Introduction 
Rheumatoid Arthritis (RA) is a form of arthritis that can cause swelling, stiffness, pain, damage, and loss 

of function in the joints of the body. The complexity of the elements responsible for the onset of RA 

contribute to the challenges of proper prevention, diagnosis, and treatment for this disease. The 

commencement of the autoimmune disease is influenced by a combination of genetic, epigenetic, and 

environmental risk factors. The progression of cartilage and bone erosion are consequences of 

inflammation of synovial joint membranes. Unlike osteoarthritis, primarily a degenerative disorder 

resulting from mechanical wear of the joints, symptoms associated with RA arise from an autoimmune 

disorder [1].Autoimmune disorders are diseases in which the immune system mistakenly attacks and 

damages its own tissues. Moreover, RA is a systemic inflammatory autoimmune disorder, meaning the 

autoantibodies that target the joint tissues do not discriminate and target joints on both sides of the 

body equally [2]. The target tissue associated with RA is found within synovial joints. These joints are 

unique to the human body in that they are comprised of a joint cavity designed to permit the highest 

range of joint motion. The cavity is a fibrous capsule lined by an inner synovial membrane.  Synovial 

membranes function in maintaining stability, permitting space between articulating bones, and reducing 

friction amongst the moving bones [3].This is accomplished by the secretion of synovial fluid into the 

joint cavity, which is necessary in maintaining a smooth, gliding synovial joint. Resident fibroblast-like 

synoviocytes housed within the membrane aid in synovial fluid production and retaining homeostatic 

mechanisms of the joint cavity and the synovial membrane itself. The fibroblasts in RA are altered to 

excessively proliferate while increasing their secretion of cytokines and proteases. Also present are 

permanent synovial macrophages that under normal conditions remain quiescent, unlike synovial 

macrophages of patients with RA. The synovial macrophage involvement in the pathogenesis of RA is 

observed by their influence in activating the proliferation of fibroblasts and secretion of cytokines.On 

the surface of the two bones is a layer of hyaline (articular) cartilage to provide additional support to the 

moving bones. Chondrocytes, exclusive to articular cartilage, regulate the continuous remodeling of the 

extracellular matrix in the cartilage. In RA, the release of pro-inflammatory cytokines by the resident 

cells of the synovium induce the chondrocytes to increase secretion catabolic tissue enzymes and 

10.52793/JSCR.2020.2(1)-13


3 

 

Research Article | Gallicchio VS, et al.  J Stem Cell Res 2021, 2(1)-13. 

DOI: 10.52793/JSCR.2020.2(1)-13 

inhibition of tissue repairing mechanisms resulting in cartilage damage. Together, these cells collectively 

interact and contribute to the development of RA related inflammation, cartilage deterioration, and 

bone erosion [4] (Figure 1) .  

 

 
 

Figure 1: A comparative diagram displaying the anatomical features of a normal synovial joint (left), a 

synovial joint inflicted by osteoarthritis (middle), and a synovial joint inflamed due to rheumatoid arthritis (right). 

Synovial membrane inflammation is a key characteristic of RA patients unlike OA. Shown in the RA synovial joint, 

the synovial membrane is red, thickened, and larger in size representing the inflammation. The inflamed synovial 

membrane is much larger than in a normal synovial joint and OA synovial joint [4,5] 

 

In RA, inflammation primarily occurs in the synovial membranes of smaller synovial joints such the 

wrists, fingers, and feet observed by cardinal signs of inflammation. Chronic inflammation of the 

synovial membrane progressively alters the structure and function of synovial joints. Overall, this results 

in destruction of the tissues of the joint cavity which exposes the articulating bones causing detrimental 

bone erosion [5]. Historically, the first diagnosis of this autoimmune disease is one of the oldest that still 

prevails. Despite the large amount of historical evidence suggestive of RA, the first formal evidence of 

RA appeared in 1591.The French physician Guillaume de Baillou applied the age-old term “rheumatism” 

to a musculoskeletal condition characterized by swelling, stiffness, and pain [6]. The modern diagnosis 

and description of RA is credited to Sir Alfred Garrod in 1852. Garrod renamed the condition described 

by Guillaume to rheumatoid arthritis and defined it as a separate condition from osteoarthritis. As it is 

presently known on a global perspective, 80% of RA patients encompass the ages of 35-50 years. 

Furthermore, studies have shown that women are 3 times more likely to be diagnosed with RA than 

men [7]. Although the exact mechanisms behind the course and prognosis differences of RA among 

males and females have yet to be revealed, gender differences in hormone production, gender-based 

roles, physiological characteristics, and chromosomal composition have been proposed [8] (Figure 2).  
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Figure 2: Display of structural comparison between the x-ray images of synovial joints in the fingers, hand, and wrist of healthy 

joints (left) and x-ray images of bone erosion (right) imposed on synovial joints in patients with RA  [10]. 

 

Rheumatoid arthritis presents varying clinical symptoms depending on the maturity and severity of the 

disease. In general, clinical symptoms associated with RA are often worse in the morning due to stiffness 

of the inflamed joints, but pain may be elevated during the day through physical activity to help reduce 

inflammatory debris inside the joint cavity [9]. RA is broadly characterized into four stages:[a] early stage 

RA, [b] moderate stage RA, [c] severe stage RA, and [d] end-stage RA [10]. Early stage RA is characterized 

by synovitis, which occurs when the synovial membrane of synovial joints become inflamed and 

condensed. Common symptoms of early stage RA include swollen joints, joint stiffness, fatigue, fever, 

joint tenderness, and loss of appetite. When RA emerges, the immune system generates an attack on 

the synovium (synovial membrane) causing a release of proteins that prompt blood vessels in the 

synovium to multiply, referred to as angiogenesis [11]. This process aids the progression of the immune 

response by allowing more influx of immune cells thus permitting further inflammation and excessive 

proliferation of fibroblasts in the synovial membrane. Additionally, the excessive tissue growth is aided 

in part by more nutrients supplied by angiogenesis. In RA, the intense cellular infiltration of 

inflammatory/immune cells in combination of the accompanied angiogenesis, allows the formation of 

the hypertrophied synovium. The onset of moderate stage RA is marked by pannus formation. The 

hypertrophied synovium, called the pannus, is the invasive and enlarged synovial membrane due to 

increased proliferation of synovial fibroblast-like cells [12]. The symptoms of patients in moderate stage 

RA experience a worsening of joint pain, swelling, tenderness and stiffness. As RA progresses, the 

continuing inflammation and fibroblast proliferation of the pannus spreads across the articulating bones 

and may lead to heightened deterioration of the joint cavity. Severe stage RA is characterized by 

destruction of the fibrous capsule and bone erosion. Due to the deterioration of the cushion between 

the bones, the bones rub together causing damage, erosion, and visible joint deformities. Symptoms 

associated with severe stage RA include increased pain and swelling, reduced mobility, and muscle 
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weakening. The last stage is end-stage or terminal RA. This is characterized by the complete 

deterioration of the synovial joint cavity, cartilage depletion, and bone fusion. This is most detrimental 

form of RA in that the damage is typically irreversible with standard treatment options and often 

requires surgical interventions [13].  

A complete pathological portfolio of RA is yet to be determined; however, genetic, epigenetic, and 

environmental factors are implicated as strong contributors. Smoking and pathogenic infection shave 

been observed to induce epigenetic changes as well as direct interactions on the development, rate of 

progression, and severity of RA[14]. Therefore, it is appropriate to classify RA as an immune-mediated 

disease with a strong genetic influence that may be induced by environmental factors. The present 

study will postulate that RA starts with a high-risk genetic background that, in combination with 

environmental exposures, launches a cascade of events through various immune cell subsets and 

signaling pathways inducing inflammation in synovial joints and ultimately chronic destructive arthritis. 

The adaptive immune cells (B-cells, T-cells and macrophages) play critical roles in autoimmune disease 

pathogenesis [15]. In relation to RA, these cells reside either in the synovial membrane or in blood 

circulation. Within the last decade, notable studies have been carried out with the effort of 

understanding the role of T-cells in RA [16].There are two major types of T-cells, T-helper (CD4+) cells 

and cytotoxic T-cells (CD8+). As the name implies, CD4+ T-cells help the immune system carry out its 

proper functions by stimulating other immune cells and CD8+ T-cells kill virally infected cells. T-cells 

constitute the cell-mediated immune reactions in the human body by recognizing degraded fragments 

of foreign molecules (antigens) expressed by antigen-presenting cells (APCs) by a highly variable T-cell 

receptor expressed on the T-cell surface [17]. For T-helper and cytotoxic T-cells to perform their 

appropriate functions, they must be activated to proliferate and differentiate into effector cells via the 

interaction with antigen-presenting cells (APCs). Under normal human physiological conditions, APCs 

can detect and degrade foreign antigens into protein fragments that bind to MHC proteins within the 

cytoplasm. These MHC proteins carry the bound foreign antigens fragments to the cell surface as a 

presentation for T cells [18]. MHC proteins are encoded by a large complex of genes referred to as the 

major histocompatibility complex which are the fundamentals in organ transplantations. 

There are two classes of MHC proteins. Class I MHC proteins present foreign peptides to cytotoxic T cells 

and class II MHC proteins present foreign peptides to T helper cells [19]. Class I MHC proteins are 

generally expressed on all nucleated cells of the human body. In contrast, class II MHC proteins are 

primarily localized to APCs that uptake foreign antigens in extracellular fluid such as B-cells and 

macrophages [20]. Dendritic cells are unique because they display both class I and II MHC proteins 

meaning they can interact and activate both CD4+ and CD8+ T cells [21].One of the difficulties in 

determining the genetic association responsible for the immune cell imbalance in RA is simply that this is 

a heterogenous disease resulting from a variety of pathways and risk factors. However, a consistent 

trend implicated in the literature suggests that one of the major genetic risk factors associated with 

developing RA in humans is the presence of the gene that codes for the human leukocyte antigen called 

HLA-DR4 (HLA-DRB1-0401) [22, 23,24]. The two main autoantibodies that have been associated with the 

joint tissue attack in RA are Rheumatoid Factor (RF) and anti-citrullinated peptide antibodies (ACPAs). RF 

is an autoantibody that is an isotype of IgM antibodies that targets the Fc domain on altered human IgG 
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antibodies. Anti-citrullinated peptide antibodies have been observed in a wide variety of patients with 

RA which target certain peptides containing citrullinated arginine residues [25]. The exact origin of these 

autoantibodies is unknown, but the literature implicates a strong link between the development of 

ACPAs and the presence of an HLA-DR4 shared epitope and smoking [26]. The cause of the cascade of 

mechanisms behind the purpose of these auto antibodies are generally thought to occur by modification 

of IgG and citrullinated proteins found in Type-II collagen and vimentin. These modifications cause 

confusion of antigen presenting cells which no longer recognize these as self-antigens [27]. The APCs 

carry the antigens to the lymph nodes to activate CD4+ T cells which leads to stimulation of B cells. These 

B cells begin to proliferate and differentiate into plasma cells which produce specific autoantibodies 

responsible for targeting the self-antigens in RA. Following this, CD4+ T cells and antibodies travel 

through blood circulation and reach their targets in the synovial joint. There, T helper cells secrete 

cytokines such as Interferon- and Interleukin-17 to recruit other immune cells while inducing synovial 

macrophages to produce more cytokines such as TNF-, Interleukin-1, and Interleukin-6 [28]. The 

combined effects of these cytokines produced by T helper cells and macrophages stimulate fibroblast 

proliferation. Also, fibroblasts increase production of proteases which overtime, alongside the gradual 

growth of the pannus, leads to cartilage damage and destruction [29]. The proteases degrade the 

articular cartilage, thereby removing the protective covering of articulating bones and causing bones to 

rub against each other. Recent advancements in establishing an appropriate target for treatment in RA 

implicate that further destruction of synovial joints is linked to a receptor-mediated pathway between T 

cells present within the synovial cavity and osteoclasts leading to stimulation of bone resorption 

(breakdown) by osteoclasts [30]. The function of B-cells in the progression of RA is noted by their 

physiological secretion of autoantibodies rheumatoid factors (RF) and anti-citrullinated protein 

antibodies (ACPA) [31]. When in the synovial fluid, RFs target altered IgG antibodies and ACPAs target 

citrullinated proteins and bind to them forming immune complexes. These immune complexes activate 

the complement system which activates inflammation and tissue damage of the joint [32]. 

The standard methods for diagnosing RA includes blood sampling to detect levels of the auto-antibodies 

RF and ACPAs. X-ray examinations may be used to observe a narrowing of the joint space, soft tissue 

swelling, and decreased bone density [33]. The current standard treatment of RA follows a latter of 

severity depending on the stage at which the RA has progressed, in order, this includes physical therapy, 

medications, and surgery. Physical therapy is typically administered or suggested if the situation of RA is 

manageable, specifically if inflammation has not caused severe deterioration of joint and/or bone. 

Surgical approaches are approached as a “last resort” treatment. Patients may choose to undergo joint 

replacement or arthrodesis. Patients with severe damage causes by RA, may choose to have joint 

replacements for large joints such as shoulders, hips, or knees as well as smaller joints in the fingers and 

toes.Thissurgical approach involves removing either all or part of a damaged joint and inserting a 

synthetic replacement. This procedure carries a costly and high health risk consequence [34]. The pain 

experienced by patients with severe or end-stage RA may outweigh the side effects, cost, and health 

risks associated with both surgical approaches in expectations to alleviate pain and swelling. The current 

pharmaceutical treatment options for RA also depend on stage of progression a patient is experiencing. 

Treatment is best administered in early stages of RA to reduce the likelihood of progression and 

destruction of synovial joints[35]. However, the clinical symptoms associated with early stage RA are 
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often overlooked and/or mistaken for other arthritic diseases (such as OA). Patients with RAwill typically 

seek medical attention when noticeable pain and swelling become overwhelming in daily activities. 

These symptoms are often indicators of moderate stage RA or the sequential stages.The administration 

of long-term treatment medications is generally delivered to patients in moderate stage RA and beyond. 

These include a class of drugs called disease-modifying anti-rheumatic medications (DMARDs) such as 

methotrexate, hydroxychloroquine, and sulfasalazine, which aid in the suppression of inflammation[36]. 

Another treatment class of drugs called biologic response modifiers (biologics) are administered to 

suppress both cell-mediated and humoral response adaptive immune cells associated with the disease 

as well as blocking various chemokines. Examples of some of the biologics used in the treatment of RA 

include adalimumab (Humira), etanercept (Enbrel), and infliximab (Remicade), which block chemokines 

like tumor necrosis factor. Other biologics include abatacept (Orencia) that suppress T cell functions and 

rituximab (Rituxan), which suppresses B cell activity [37].Other drugs include NSAIDs can be used to 

treat acute flares of inflammation in RA patients by suppressing inflammation and reducing pain such as 

ibuprofen, but these medications do not reduce joint damage or progression of RA. Additionally, 

glucocorticoids are strong anti-inflammatory steroids that may relieve symptoms but should only be 

taken in a short period of time due observed side effects. The notable trend among the varying 

medications is to relieve pain, swelling, and inflammation by suppressing the functions of the body’s 

immune system [39,40]. Although there has been great success in relieving pain in RA patients, there are 

major downsides to these treatment options. None of the medications possess the capability to fully 

stop the progression of the disease or regenerate tissue to replace the damaged areas. Also, there are a 

variety of adverse side effects associated with drugs that suppress the immune system due to patient 

susceptibility to infections that normally would not occur. Stem cells hold a unique capacity to modulate 

immune responses and regenerate lost tissue. The promising advantages of stem cell therapy in the 

treatment of RA hold the potential of stopping the progression of RA, regenerating damaged joint 

tissues, and relieving symptoms while avoiding immune rejection and maintaining immune regulation 

[41].  

Discussion 

Stem cells: an overview 

Stem cells are the body’s master cells and offer great potential in the field of medicine. These cells can 

develop into many cell types of the body. Stem cells are undifferentiated cells that retain the ability of 

self-renewal and give rise to specialized cells that can be capable of replacing old or lost cells [42]. Stem 

cell therapy is the next chapter in the medical field with hopes to improve or replace organ 

transplantation, understanding the pathology and etiology of diseases, testing the safety and 

effectiveness of new drug treatments, and much more. For many years, researchers have been seeking 

further understanding and efficient methods to harness the unique capability of stem cells. Stem cells 

can be categorized into two groups, embryonic and adult. Embryonic stem cells are harvested from 

embryos following in vitro fertilization. The process of in vitro fertilization involves placing an oocyte and 

sperm together in a culture dish to allow fertilization [43]. Human embryonic stem cells (nESCs) are 
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undifferentiated cells that are derived from the inner cell mass (ICM) of a blastocyst. The ICM cells hold 

the potential to generate all cell types of the human body. hESCs are obtained by harvesting a blastocyst 

and extracting the ICM. The ICM can then be cultured on appropriate medium to produce germ layers. 

There are three germ layers known as the ectoderm, mesoderm, and endoderm. Each of these layers 

give rise to their respective tissues and organs of the body [44]. The differential capacity of hESCs holds 

great promise to regenerative medicine and clinical treatment; however strong opposition of the 

isolation and use of hESC persists due to ethical concerns. Adult stem cells are another type of stem cell 

category. Adult stem cells, unlike hESCs, are multipotent, therefore are restricted in their differential 

capabilities. However, it is arguable that adult stem cells hold an equal or greater potential in a clinical 

setting than hESCs. ASCs were once thought to be in a rare and limited amount in the human body. In 

the last decade, research and studies have surged in identifying and discovering ASCs in a variety of 

tissues [45]. Adult stem cells can be found throughout almost the entire human body after development 

such as bone marrow, blood, umbilical cord tissue, umbilical cord blood, amniotic fluid, urine, skin, 

dental pulp, adipose tissue, etc. Adult stem cells hold a particular interest over hESCs because of the lack 

of ethical concerns regarding the harvesting of these cells [46]. 

 

Mesenchymal Stem Cells 
Mesenchymal stem cells (MSCs) are a non-hematopoietic stem cell capable of multipotent 

differentiation. Of the various types of MSCs, bone marrow MSCs (BM-MSCs), adipose tissue MSCs 

(ADSCs), and umbilical cord tissue MSCs (UC-MSCs) are well known sites of abundant populations of 

MSCs [47]. Initially, researchers investigated and tested MSCs based on tissue repair and as a potential 

tool in regenerative medicine. As MSCs studies continued, it was discovered that MSCs have unique 

immunological properties making them viable candidates for the treatment of autoimmune disorders, 

such as RA. These properties include inflammatory, immunoregulatory, and immunosuppressive 

capacities, which contribute to MSCs as immune tolerant agents. The observed immunosuppressive 

effects of MSCs assist in overcoming immune rejection and allogenic transplantation barriers [48].  

Despite the various tissue sources, a minimal set of criteria was proposed and is widely accepted by the 

Mesenchymal and Tissue Stem Cell Committee of the International Society for Cellular Therapy in 2006 

[49]. This includes that human MSCs are defined as cells with the ability to be plastic-adherent culture 

conditions, expression of cell surface markers and express multipotent cell differentiation potential in 

vitro. The minimal criteria for cell surface marker expression, specially cluster differentiation, include 

CD73, CD90 and CD105, and unexpressed markers include CD11b, CD14, CD19, CD34, CD45, CD79a and 

HLA-DR[50, 51, 52, 53]. Establishing criteria for defining MSCs set the stage for scientists to pursue the 

successful identification and presence of MSCs in human adipose tissue, umbilical cord, bone marrow, 

amniotic fluid, and dental pulp, amongst other sources. Upon the finding of MSCs in various tissues, 

studies are underway and have been reported in further classifying MSCs based on cell surface marker 

expressions specific to different tissue sources. Efficient populations of MSCs have been reported in 

adipose tissue, bone marrow, and umbilical cord tissue. Of interest in the present review, the three 

sources of MSCs previously mentioned are of particular interest in treating Rheumatoid Arthritis. 

Adipose tissue was demonstrated as a rich source of MSCs in 2001 [54].  Adipose tissue is the anatomical 

term given to tissue commonly known as fat tissue. After the discovery of these cells, various 
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terminologies were proposed such as processed lipoaspirates, adipose-derived adult stem cells, adipose 

mesenchymal stem cells, adipose-derived stromal/stem cells, and adipose stromal cells. Due to the 

increased interest of these cells and publications, the International Federation of Adipose Therapeutics 

(IFATS) adopted the ADSCs nomenclature to limited confusion and ensure uniformity [55]. The 

extraction of adipose MSCs is a less invasive process than that of bone marrow MSCs. Surgical 

procedures, such as liposuction, is an indirect method for obtaining large amounts of adipose tissue 

necessary to harvest adipose MSCs. The most common and effective procedure for isolating ADSCs from 

fat tissue consists of using collagenase digestion, followed by centrifugal density gradient separation 

[56]. Other studies have been reported that in addition to collagenase, adipose tissue digested by 

dipase, trypsin and other related enzymes have been shown to be effective. The subcutaneous adipose 

tissue which is the source of ADSCs consists largely of mature adipocytes and a heterogenous stromal 

vascular fraction (SVF). This heterogeneous mixture consists of mesenchymal population of cells that 

includes adipose stomal, hematopoietic stem, hematopoietic progenitor cells, endothelial cells, 

erythrocytes, fibroblasts, lymphocytes, macrophages, and pericytes others[57]. Importantly, ADSCs are 

distinguished from adipocytes due to their spindle-like morphology and lack of intracellular lipid 

droplets which are seen in adipocytes. ADSCs are also selected byadhesion properties in culture from 

SVF cells. When SVF cells are harvested, isolated and seeded into culture there is an observed subset of 

elongated cells that adhere to the plasticware of the culture dish are what are known as the adipose 

derived mesenchymal stem cells [58]. The isolated ADSCs can be further purified using a combination of 

washing steps and culture expansion. The media used to expand ADSCs in vitro has been reported to be 

similar to that of bone marrow derived MSCs. The primary culture medium for MSCs includes low-

glucose Dulbecco’s modified Eagle medium (LG-DMEM) with 1% (W/V) antibiotic/antimycotic and 10% 

(V/V) fetal bovine serum (FBS) [59]. In the literature, numerous studies strongly implicate that ADSCs 

possess a variety of differentiation potential in vitro including adipogenic, osteogenic, chondrogenic, 

myogenic, cardiogenic, and neurogenic differentiation. This ability to differentiate into these cell types 

along with the ease of an abundant and less invasive harvest method make ADSCs highly considerable as 

tools for replacing, repairing, and regenerating dead or damage cells. For the purpose of this study, 

ADSCs ability to differentiate into osteogenic and chondrogenic cells make ADSCs possible for stem cell 

therapy forRA patients with articular cartilage and bone destruction. It has been noted in various studies 

that ADSCs proliferation rate is affected by age, unlike their differentiation capability. Specifically, it has 

been reported that cells from younger donors exhibited a higher proliferation rate when compared to 

elderly ones. However, the differentiation capacity was maintained with aging [60]. Another unique 

quality that further validates ADSCs as a better suited therapeutic candidate for Rheumatoid Arthritis 

than current treatment medications is the observed immunomodulatory capabilities of ADSCs. 

Specifically, ADSCs have a hypoimmunogenic phenotype resulting from theabsence of theMHC class II 

proteins and low expression levels of MHC class I, this allowing them to evade immune recognition 

without the need for immune suppression. Furthermore, the observed immunomodulating effects of 

ADSCs in the literature is linked to higher levels of cytokine production [61]. The precise mechanisms 

that enable ADSCs to modulate immune recognition is not fully understand because of the limitations of 

valid results gathered from in vitro analysis. However, pre-clinical trials and clinical trials have implicated 

that these mechanisms are rely on a coupled blend of cell-to-cell contact mechanisms and paracrine 

effects through the production of cytokines and various soluble factors [62].Paracrine factors (or growth 
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and differentiation factors- GDFs) refer to the proteins synthesized by one cell that can diffuse across 

small distances to induce changes in neighboring cells through a paracrine interaction [63]. These 

regulate immune cells functions, stimulate the microenvironment for tissue healing, and exert 

immunosuppressive effects by decreasing inflammatory cytokine production. These findings contribute 

to making ADSCs a viable option in regenerative medicine and an effective tool in cell-based therapy for 

restoring damaged tissues. As for RA, stem cell therapy using ADSCs holds great potential to decrease 

inflammatory and immune responses, which has an advantage over anti-inflammatory steroids due to 

the ability to provide a reduction in inflammation without suppressing the entire immune system. One 

immunomodulating property of ADSCs that has struck interest regarding regenerative medicine and 

autoimmune diseases is their ability to inhibit proliferation of pro-inflammatory T cells [64]. 

Bone marrow is source of two types of stem cells, hematopoietic stem cells (HSCs) and mesenchymal 

stem cells (MSCs). The discovery of hematopoietic stem cells in bone marrow was first made by 

investigators Till and McCulloch in 1961 [66]. Although controversy amongst scientist remains on the 

first valid discovery of stem cells, it is widely accepted that the first discovery and identification of the 

presence and basic properties of stem cells are credited to Ernest McCulloch and James Till. Following 

the atomic bomb explosions on Hiroshima and Nagasaki 1945, scientists sought to understand the 

effects of radiation on the civilians and soldiers that were exposed. Specifically, it was observed that full 

body irradiation compromised the hematopoietic system of the body hindering its function in the 

production of sufficient amounts of crucial blood elements that function to fight infections, form blood 

clots, etc. In the 1950s, the initial sighting of recovery from whole-body irradiation was observed in 

irradiated mouse models in which the injection of suspensions of cells from blood-forming organs such 

as the bone marrow recused the otherwise hematopoietic system failure [65]. In 1956, E. Donnall 

Thomas conducted the first successful bone marrow transplantation on identical twins effected by total 

body irradiation. However, it was not until the radiation physicist, James Till, joined arms with the 

leukemia specialist and hematologist, Ernest McCulloch, that made the astounding discovery of 

hematopoietic stem cells while conducting a study on the radiation effects on mice.  The work of 

McCulloch and Till laid the foundation for modern attempts to isolate, study, and use stem cells for 

medical purposes [66]. During the late 1960’s, Alexander Friedenstein and colleagues were of the first to 

pioneer the theory and discovery of another type of stem cell present in bone marrow, mesenchymal 

stem cells[67]. Friedenstein and colleagues observed the presence of MSCs when culturing cells isolated 

from the bone marrow of rats. During the progression of their studies, it was noted that when BM cells 

were seeded in a flask and maintained in appropriate culture media there was a production of non-

hematopoietic cells that were morphologically similar to fibroblasts and adhered to the plastic of the 

culture flask. Furthermore, these cells formed colonies that were transplantable. These transplantable 

colonies were demonstrated by this investigator to be capable of self-renewal and also form mature non 

hematopoietic tissues in recipient animals, such as bone, cartilage, and fibrous tissue thus indicating 

their potential in stem cell nature and tissue regeneration. In the 1970s and 1980s, more studies were 

conducted that extended the observations made by Friedenstein further verifying that the non-

hematopoietic cells in bone marrow are multipotent and could give rise to osteoblasts, chondrocytes, 

and adipocytes. 
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Umbilical cord tissue is another source of mesenchymal stem cell. The umbilical cord forms from the 

yolk sac and allantois. During embryonic development, the umbilical cord becomes a channel structure 

between the developing embryo and the placenta. The umbilical cord stroma contains viscous substance 

called Wharton’s jelly (WJ). This is named after an English physician and anatomist [68]. In 1956, Thomas 

Wharton is credited to the first description of Wharton’s jelly (WJ). In the1970’s, the umbilical cord 

blood was recognized as a source of HSCs, but the remaining umbilical cord tissue was considered 

medical waste with no scientific value and was discarded. A change to this concept occurred in 1991, 

when McElreavey became the first to isolate and characterize the fibroblast-like cells from the WJ 

portion, or tissue portion, of the umbilical cord [69]. The umbilical cord, what once was discarded as 

medical waste after-birth, is now a noted as a prime source of MSCs. After birth, the umbilical cord may 

be stored as a source of stem cells genetically identical to the child. Thus, if the child is diagnosed with a 

specific condition that seeks treatment, then the MSCs within the stored umbilical cord may be used for 

transplant avoiding the risk of immune rejection. Secondly, the mother has the option to donate the 

umbilical cord for medical research and use following informed consent [70]. UC-MSCs are globally 

accessible tissues with little to no ethical concerns since they were once treating as medical waste. UC-

MSCs collection method has an advantage over BM-MSCs and ADSCs due to the lack of invasive 

procedures required to obtain the cells. Several experiments have been conducted to validate the cells 

in question as MSCs based on the minimum criteria (1) adherence to bottom of flask in culture (2) 

expression of CD73, CD90 and CD105, and unexpressed markers include CD11b, CD14, CD19, CD34, 

CD45, CD79a and HLA-DR and (3) differentiation into osteoblasts, chondroblasts and adipocytes. 

Moreover, combined with the well-documented self-renewal and multipotent differentiation potentials, 

UC-MSCs possess immunoregulatory capacities that contribute to the potential for treatment of RA 

patients. 

 

Comparative studies of MSCs derived from umbilical cord tissue, bone marrow, and adipose 

tissue 

Mesenchymal stem cells (MSCs) hold great potential in the medical field over other sources of stem 

cells. However, there is a substantial amount of information regarding the mechanisms and efficacy of 

MSCs that is unknown. Many researchers and scientists in pursuit of further understanding of MSCs 

have conducted comparative studies amongst MSCs derived from different sources. The majority of the 

studies focus on the abundant populations of MSCs present in bone marrow, adipose tissue, and 

umbilical cord tissue [71]. Moreover, comparative analyses and experiments have and are currently 

investigating functional characteristics of MSCs crucial for cellular therapy such as proliferation 

capacities, differentiation capacities, migratory properties, immunomodulating/inflammatory functions, 

and others. MSC origin may be an important factor in determining biological activity and therapeutic 

use. 

BM-MSCs harvesting is among the most invasive and painful proceduresinvolving general anesthesia and 

hospital stay for medical attention/observation. The quantity of BM obtained from the procedure is 

dependent on the patient status and the volume of aspirates. These aspects combined with the 

extremely low presence of BM-MSC population within bone marrow, place BM-MSCs at a disadvantage 

to other sources of MSCs[72]. However, BM-MSCs are known as the “gold standard” when comparing 
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MSCs from various human tissues in respect to their historical and deeper clinical understanding. The 

extensive research and analysis conducted using BM-MSCs have provided clues to understanding the 

proliferation, differentiation, culture, and immune regulation capacities along with effective testing 

strategies. Lee et al. reported that when examined in culture expansion, BM-MSCs stopped growing by 

passage 11–12 and highly expressed the senescence-related proteins p53, p21, and p16 [73]. Lee et al. 

Additionally, BM-MSCs had a lower activity of inflammatory regulation than in ADSCs with 24 genes 

associated with immunomodulation that were down regulated in BM-MSCs when compared to ADSCs 

[73].Another study conducted a comparative examination based on gene expression of BM-MSCs, 

ADSCs, and UC-MSCs [74]. The results concur with the minimum criteria of MSCs amongst the 

mentioned MSCs. It was also noted that all MSCs were phenotypic similar and of fibroblast morphology. 

UC-MSCs in vitro reported having a higher proliferative capacity than BM-MSCs and ADSCs. Among these 

studies, the numerous findings compliment each other with similar conclusions regarding the lack of 

significant differences among morphology, self-renewal capacity, and fibroblast growth. Consequently, 

more knowledge on the different abilities of MSCs is mandatory to overcome obstacles influencing 

increase large-scale and viable production of MSCs for therapeutic use. The shortage of evidence 

regarding the matter is a possible consequence of the lack of standardized protocols for expanding MSC 

cultures in vitro. 

The differentiation potential of stem cells is an important trait in determining which cell may be more 

effective than others in treating clinical conditions in question. Insights to the underlying mechanisms of 

how and when MSCs commit to specific lineages enable scientists to develop techniques to manipulate 

the cells for clinical applications. As discussed, the ability to differentiate into adipogenic, chondrogenic, 

and osteogenic lineages is one of thecriteria for MSCs. Differentiation of MSCs in the appropriate cell 

type is assessed by identifying the production of respectively: fat droplets (adipogenic), proteoglycans 

and type II collagen synthesis (chondrogenic) or mineralization of calcium deposits and the increase of 

alkaline phosphatase expression (osteogenic)[74]. This differentiation activity can be analyzed in vitro by 

placing MSCs in a culture medium with special supplements [75]. The addition of these supplements into 

the medium is a valuable tool in directed the differentiation of MSCs into specific lineages and to access 

efficiency. The adipogenesis process generally consists of adding dexamethasone, indomethacin, insulin 

and isobutylmethylxanthin. For chondrogenic differentiation, cell culture in DMEM medium (Dulbecco / 

Vogt Modified Eagle’s Minimal Essential Medium) supplemented with insulin, transferrin, selenium, 

linoleic acid, selenium acid, pyruvate, ascorbic phosphate, dexamethasone and TGF-β III, which may 

additionally be aided by the addition of IGF-1 and BMP-2. Moreover, the osteogenesis is induced by the 

presence of ascorbic acid, β-glycerophosphate and dexamethasone in medium. The literature reports 

proposed and identified that supplying other appropriate elements in medium could induce MSCs to be 

a source of other cell types [76]. Indeed, it has been widely reported that in addition to mesodermal 

lineage MSCs have ectodermal and endodermal lineage differentiation potential in strictly appropriate 

environment. Xu et al., reported significant osteogenesis and adipogenesis differentiation abilities of 

ADSCs and BM-MSCs in mouse models [77]. Osteogenesis differentiation potential was assessed by the 

mRNA expression levels of genes related to osteogenesis were detected by quantitative real-time RT-

PCR (qRT-PCR). The data implicated that BM-MSCs possessed a slightly higher potential for 

differentiation into osteoblasts than ADMSCs. In the same manner of osteogenesis differentiation 
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assessment, qRT-PCR was used to examine the mRNA expression levels of genes related to adipogenesis. 

The data displayed a higher adipogenic differentiation potential of ADSCs than BM-MSCs. However, it 

was noted that there was no significant difference in chondrogenic differentiation amongst the two. 

Further findings of this study suggestthat the differentiation potential of MSCs is highly influenced by 

their tissue of origin through epigenetic regulations, such as DNA methylation of important transcription 

factors. 

One of the many beneficial of mesenchymal stem cells is their immunomodulation capacity and 

paracrine factors, making MSCs considerable for inflammatory and immune-mediated diseases. 

Immunomodulatory functions have been reported for all types of MSC tested [78-80]. Additionally, 

these unique attributes led to the introduction and administrationof MSCs as potential therapeutic tools 

to correct the breakdown of autoimmunity in RA, particularly for patients that are inadequately treated 

or resistant to current treatments. MSCs are of newly found interest in the treatment of immune related 

disorder. For the purpose of this study, the immunological properties of MSCs will be discussed in regard 

to the possible treatment of RA. The imbalance between the immune response of pro-inflammatory and 

anti-inflammatory cells, in particular between memory Th17 and memory regulatory T cells is widely 

observed in the literature to be linked to RA immunopathogenesis [81]. In consequence to the complex 

mechanisms involved with the propagation of RA as well as MSC immunosuppressive functions, it is 

imperative to examine the potential immunological functions of MSCs in immune elements of RA in 

order to provide better MSC-therapy and clarification of the pathogenesis of RA. Even with the 

substantial advances that have been made in the generation of novel therapies and medications against 

RA, there are still a lot of patients that are resistant to treatment. Hence, it is reasonably proposed to 

think that the resistance of memory T cells could be a main contributor to the absence of a beneficial 

response of these immunomodulatory therapies and medications [82]. Mesenchymal stem cells can be 

used to adjust autoimmune responses and in autoimmune disease treatment because they cause 

immunosuppression by modulating T and B cell proliferation and differentiation, dendritic cell growth 

and the activity of natural killer cells. Much of the MSC literature has placed the anti‐inflammatory and 

immunomodulatory properties of MSCs front and center in much of the recently published journals due 

to the widely observed effects among various experiments, culture conditions, and combination 

treatments with other pharmaceuticals. Specifically,MSCs respond to their immediate environment and 

adjust their response accordingly through the release of soluble factors such as prostaglandin E2 (PGE2), 

kynurenine, interleukin (IL‐10), tumor necrosis factor (TNF)‐stimulated gene 6 protein (TSG‐6), nitric 

oxide (NO), and transforming growth factor (TGF‐β)‐1 [83,84]. Using human cells in vitro, Quaedackerset 

al., demonstrated that activated CD8+ and CD4+ T‐cells were specifically modulated through binding to 

adipose‐derived MSCs[85]. These results implicate that the binding of cell-mediated immune cells to 

ADSCs represents an immunomodulatory mechanism in which CD8+ T cells are inhibited in their 

responsiveness to pro-inflammatory stimuli and effector CD4+ T cells are depleted from the immune 

response. As discussed previously, the current understandings of the pathology of RA could be 

combatted by the immunomodulation effects of MSCs.BM-MSCs were able to decrease the proliferation 

of memory T cells (CD4+CD45RO+). In addition to the immunomodulation of the proliferation of memory 

T cells, another noteworthy therapeutic effect of MSCs is their capacity to migrate and home into 

inflamed tissues. MSCs, specifically BM-MSCs, have a variety of expressed chemokine receptors involved 
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in MSCs migration [86,87]. Thus, such MSCs could potentially migrate into the inflamed synovial 

membrane of RA patients and interact with memory T cells, inhibit their proliferation rate or/and alter 

their pro-inflammatory cytokine secretion thus resulting in a reduction of inflammation in the synovial 

membrane. This exhibits a potentially better treatment of RA with the use of MSCs through their cell-to-

cell interactions and immunomodulatory mechanisms than the present pharmaceuticals used. 

 

Pre-Clinical Trials  
Due to the ethical and technical limitations on examining MSCs in humans, animal models are used to 

test new pharmaceuticals and cell-based therapies. Furthermore, they are used to model certain 

autoimmune diseases, such as RA to better our understanding of the progression of the disease. The 

need for animal models must include accurate representation of the pathogenesis of the autoimmune 

disease in question and allow pre-clinical testing of cell-based therapeutic approaches targeting human 

cells and tissues in vivo [88]. The conventional animal models currently used represent classic hallmarks 

of RA, such as joint swelling, synovitis, pannus formation, and bone erosion. However, the conventional 

models differ in the mechanisms of induction of immune processes, as well as in their speed of onset, 

chronicity, and severity. Two mouse models of have been used in a wide variety of examinations of RA, 

which are the induced and spontaneous mouse models [89]. In induced models, non-specific immune 

activation, cartilage-directed autoimmunity, or abundant exogeneous (environmental)factors cause the 

mirror representation of RA pathogenesis. In spontaneous models, arthritis develops without deliberate 

immunization and is non-limiting, providing a chronic/progressive situation like in human RA. Collagen-

induced arthritis (CIA) is the most commonly used model of RA-like disease. In this model, severe joint 

inflammation of the model is induced through injection with Type II Collagen, a major component of 

hyaline cartilage found in the articular capsule, together with CFA. Important limitations when 

considering CIA is that it is an acute model, meaning remission occurs at 10–14 days after disease onset 

(unlike humans), extra-articular manifestations are due to CFA, and disease severity is highly variable 

and dependent on environmental factors, such as grouping stress[90]. Another limitation that is 

considered is that joint inflammation in CIA mice is exceptionally mediated by Th17 cells, while the 

pathogenesis of human RA involves Th1, Th17, Th1/17, and various other immune cellular pathways. 

Limitations regarding mouse models must be considered in cross-examining treatments in the 

comparison to humans. A common weakness of all conventional models of RA is that immune responses 

are completely mediated by the murine immune system found in mice, which differs in its components 

and organization from the human immune system [91]. This comes as no surprise that many successful 

results observed in mouse models are not observed in humans. However, scientists and researchers 

have overcome this species-species barrier by creating humanized models of mice.This humanization 

strategy is based on transgenic expression of human molecules, such as MHC class II proteins, RA-

associated synovial autoantigens and/or an autoantigen-specific T cell receptor, in immunocompetent 

mice[92]. This is greatly advanced the understanding the pathogenesis of RA as well as other 

autoimmune diseases. The phrase “bench-to-bedside” is given to the method of experimentingin pre-

clinical trials with the goal of translating to clinical treatment. To date, there have been numerous MSC-

based pre-clinical trials, which is further discussed highlighting a few of the major findings based on MSC 

treatment of RA.  
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In 2015, a study was conducted to compare the effectiveness of BM-MSCs and hematopoietic stem cells 

(HSCs) from human umbilical cord blood in the treatment of RA in rat models [93]. The study was carried 

out on 40 male Wistar rats that were divided into 5 groups each consisting of 8 animals. Group 1, the 

negative control group, received 1 mL saline by intravenous injection. Group 2, the positive control 

group, received an injection of 0.1mL of complete Freund’s adjuvant (CFA) to induce arthritis, which 

produced definite edema within 24 hours in addition to progressive arthritis by the 9th day after 

inoculation. Group 3 (MTX) comprised of arthritic induced rats that received 2 mg/kg of methotrexate 

(MTX) once a week for 4 weeks. Group 4 (MSC) consisted of arthritis rats that received MSCs in the form 

of a cell suspension in a single intravenous dose containing 1x106 allogeneic MSCs derived from the 

bone marrow of rats. Group 5 (HSC) consisted of arthritis rats that received HSCs in a single intravenous 

dose in the form of a cell suspension containing 1x106 allogeneic HSCs derived from human umbilical 

cord blood (UCB). It was reported that the group injected with MSCs resulted in the highest reduction in 

RA inflammation. Specifically in this study it was noted that the rapid reversal of tissue inflammation 

observed in Group 4 (MSC) was accompanied by a diminished tissue level of IL-6, TNF-, TGF-, NF-KB, 

TLR-2, MMP-3, COMP-1, and RF, a better antioxidant state and an elevated production of anti-

inflammatory cytokine IL-10. This concurs with other studies that show the ability of MSCs to suppress 

immune system components in RA pathogenesis. 

Another study investigated and compared the therapeutic effects of MSCs derived from human bone 

marrow, adipose tissue, and umbilical cord tissue in collagen-induced arthritic (CIA) mice [94]. Several 

factors were examined in this study, (a) the optimal number of MSCs injected and the treatment 

regimen for the CIA model, (b) to explore the mechanism underlying immune modulation by MSCs in 

CIA, and (c) the effectiveness of MSCs in clinical arthritis scores, synovial inflammation, and cartilage and 

bone erosion in CIA mice. The results of the experiment concur with other research and literature 

studies, implicating promising translation potential of MSC-based therapy for RA. Additionally, a 

thorough assessment was conducted in this particular study amongst the effectiveness of each MSC 

tested. It was demonstrated that BM-MSCs had a greater therapeutic efficacy than ADSCs or umbilical 

cord blood-MSCs in CIA, concluded from examination of the severity of arthritis and histopathological 

evaluation. For the immunohistochemical analysis of the study, it was noted that IL-1, IL-6, and TNF- 

were expressed less amounts in BM-MSC- and ADSC-treated mice than in umbilical cord blood-MSC 

treated mice. Among the three types of MSCs, there were similarities in the amount of proinflammatory 

cytokines and anti-inflammatory cytokines. The number of memory T cells were higher in the BM-MSC 

treated mice than in the ADSC- and umbilical cord blood-MSC-treated mice. The memory T cell 

suppression assay conducted in the study implicated that memory T cells induced by BM-MSCs had 

stronger immunosuppressive activity than those induced by ADSCs or umbilical cord blood-MSCs. 

Notably, the study concluded from data that memory T cells induced by MSC have more 

immunomodulation activity than those of untreated CIA mice. Also, the human MSCs examinedwere 

purposely used in MHC-mismatch mice for the evaluation. This was done to examine the effectiveness 

of reducing immune system recognition which is crucial in administering MSCs. The data suggested that 

MSCs were not rejected by the immune system, even after allogenic or xenogenic transplantation, 

because T cells do not recognize them because MSCs lack class II MHC proteins. This implies that 

allogenic MSCs might be a functional and effective delivery method for stem cell therapy in clinical 
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settings. 

 

Clinical Trials  
In this context, according to the U.S National Library of Medicine clinical trial database 

(https://clinicaltrials.gov/), 15 MSC-based clinical trials for RA exist. Upon them, MSCs derived from 

bone marrow, umbilical cord, and adipose tissue are of high interest. In the present context, no adverse 

or severe side effects have been reported. The studies vary amongst investigations based on evaluating 

dose tolerance, comparing the efficiency of MSCs and current RA drug treatments, MSCs ability to 

alleviate/stop inflammation associated with RA, MSCs ability to control other immune responses 

associated with the propagation of RA, and evaluating the safety of allogenic MSC transplantation. From 

the results examined of the completed trials, scientists and researchers have determined a consistency 

of the safety and effectiveness of BM-MSCs, UC-MSCs, and ADSCs in the transplantation and treatment 

of RA[95,96]. In one study conducted in a phase Ib/IIa clinical trial, the intravenous administration of 

allogeneic ADSCs in a study comprised of 53 patients with a placebo group was shown to be safe and 

well tolerated in refractory RA patients [97,98]. Unfortunately, among the other clinical trials, the results 

are partial and temporary because of short term follow-up. With a vast of information necessary in 

understanding the mechanisms by which MSCs wield their therapeutic function in RA, more clinical trials 

with large sample sizes and mandatory follow up protocols will yield information that will surely help in 

the pursuit of MSCs for stem cell therapy. 

A highlighted study in 2019 was conducted by Huang et. al., reporting the long-term efficacy of treating 

RA patients with MSCs derived from umbilical cord tissue [99]. The data collected from the 3-year cohort 

study demonstrated that UC-MSC treatment was safe and able to benefit RA patients in long term when 

combined with DMARDs. The experiment proceeded by inclusion and exclusion guidelines regarding the 

test subjects. The eligibility requirements consisted of swelling that is present in at least one joint, and 

three or more joint swelling; morning stiffness for 3 hrs on average, which did not have another cause; 

results from at least one blood test indicate the presence of RA; symptoms have been present for at 

least 6 weeks. Patients were rendered as ineligible to the study if pregnant, aged under 12 or over 70 

years, and/or had received any RA treatment before. All patients’ blood samples were collected before 

treatment, 1 year, and 3 years after UC-MSC treatment. Safety assessments were performed by testing 

blood routine of liver and kidney functions and immunoglobulin levels, stability assessment by HAQ and 

DAS28 and serological markers included RFand ACPAs. The noteworthy design of this study is arguably 

one of the best proposed methods for determining the effectiveness of MSC-therapy. Furthermore, the 

long-term results of the study are considerably promising. Data was collected 1-3 years post-treatment 

to access safety, changes of inflammatory and serological markers, and overall efficacy. The data 

collected from the long-term safety evaluation demonstrated liver, kidney function and 

immunoglobulins levels from each patient were all within normal range before 1 year and 3 years after 

UC-MSC treatment. Moreover, there were significant decreases for the Inflammatory and/or RA 

serological makers including RF and ACPAs observed during the post treatment evaluation. Lastly, 

detailed data sets were collected of two individual patients. A 68-year-old man who had serious joint 

pain, swelling and deformity before treatment had achieved remission for 6 months after UC-MSC 

treatment and maintained till 3 years after treatment. This patient made a remarkable recovery. The 
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joint deformity caused by RA recovered and the pain diminished. The astonishing recovery of joint 

function was also observed in the second individual of interest, a 33-year-old woman with severe joint 

swelling and deformity. 

 

Conclusion and Future Viewpoints  
Memory T cells and genetic factors have been largely studied for their key role in the 

immunopathogenesis of autoimmune disease such as RA. MSCs are multipotent cells with broad 

immunomodulatory properties and therefore have been proposed as a prime candidate of choice for 

autoimmune diseases treatment due to their ability to suppress the activity of pathogenic T cells 

without suppressing the overall functions of the immune system. Pre-clinical trials and clinical trials have 

shown strong therapeutic potential for MSC-based therapy for RA. However, amongst the positive 

results remains inconsistency in respect to the most effective delivery method, dosage and source of 

MSCs. Thus, it is necessary to increase the number of patients and studies in order to draw fundamental 

conclusions regarding MSC therapeutic effects in RA. Furthermore, it must be considered that amongst 

clinical trials discussed today are patients with severe RA. MSC treatment in early stages of RA could 

demonstrate improved results as well as increase the understanding of the root cause of RA.A crucial 

innovation in determining the efficiency of MSCs infusion for RA treatment is to develop a detailed 

immune-monitoring analysis method of RA patients that examines the dynamics of both pathogenic and 

non-pathogenic memory T cells upon stem cell treatment. Future advancements in identifying the full-

scope of the pathology of RA by using stem cell therapy holds great potential in understanding a wide 

variety of factors causing rheumatological diseases and cancer that carry a massive unresolves burden 

worldwide. 
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